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Summary
The thesis describes the phytochemical investigation, structural determination of bioactive compounds from well known medicinal plants used in Indian traditional system of medicine and synthesis of two new furanoflavanoids. Synthesis of various furanochalcones, biological activity evaluation along with a brief study of SAR is discussed. Series of Pongamol analogues were prepared and their biological activity evaluation was studied.
The first chapter deals with the isolation and characterization of 5 compounds designated as A, B, C, D and E from the hexane extract of the heartwood of Ailanthus excelsa. Compounds A, B and E are identified as Ocotillone, Epoxymalabaricol and Malabaricanediol are first time isolated from the heartwood of Ailanthus excelsa. Compounds C and D are new dammarane triterpenoids and named as Ailexcelone and Ailexcelol respectively. 
               Compound C was isolated as a colourless solid, with the negative optical rotation [α]D28 –39.59o (c = 2.0, CHCl3), mp 120 °C. The HRESI-MS revealed a molecular ion peak corresponding to [M++Na] at m/z 481.3654 indicating the molecular formula C30H50O3. The IR spectrum displayed characteristic bands for hydroxyl group (3415 cm-1) carbonyl function (1698 cm-1) and olefin double bond (1618 cm-1) functionalities. The 1H NMR spectrum showed eight quaternary methyls as singlets at        0.78 (H-19), 0.82 (H-18), 0.86 (H-30), 0.98 (H-21), 1.02 (H-28), 1.08 (H-29), 1.18              (H-26), 1.22 (H-27). It further displayed a two proton triplet at 2.10 indicating the presence of a methylene adjacent to carbonyl carbon. A broad singlet for one proton at 5.23 is due to an olefinic proton. The signal at  3.25 (dd, J = 8.3, 1.5 Hz) is due to an oxymethine proton. The 13C NMR spectrum of compound D showed the presence of 30 carbons. Further the 13C NMR spectrum showed peaks characteristic to a dammarane type triterpene.  The DEPT experiment showed the presence of 8 methyls, 9 methylenes, 6 methines and 7 quaternary carbons. Furthermore, the sodiated molecular ion peak appeared at m/z 481.3654 [M++Na] in HRESI-MS. The peak at  217.1 is due to a carbonyl carbon. The 13C NMR, DEPT and HSQC experiments revealed the side chain C20-C27 to be having three methyls (24.5, 26.5 and 28.8), one methylene (23.1), one oxymethine carbon (79.5) and two quaternary carbons (73.2 and 148.9). All the carbon values are assigned based on DEPT and HSQC experiments. In the HMBC spectrum the olefinic methine at  5.25 showed strong correlation with C-21 carbon (24.5), C-20 carbon at  148.9 and the C-24 carbon at  79.5. The oxymethine proton at  3.25 showed strong correlations with C-25 at  73.2, C-26 at  26.5 and C-27 at  28.8. Based on these data, compound C is identified as a new dammarane triterpenoid named as Ailexcelone (24,25-dihydroxydammar-20-en-3-one).
Compound D was isolated as a yellow viscous liquid, with the negative optical rotation [α]D25 –34.2o (c =2.0, CHCl3). Its positive ion HRESI-MS spectrum displayed a molecularion peak [M+Na]+ at m/z 483.3827 suggesting a molecular formula of C30H52O3. The IR spectrum revealed the presence of hydroxyl group at 3450 cm-1 and olefin double bond at 1617 cm-1. The 1H NMR spectrum displayed eight quaternary methyls as singlets at  1.28 (s, H-21), 1.22 (s, H-29), 1.18 (s, H-28), 0.98 (s, H-27), 0.92 (s, H-26), 0.88 (s, H-30), 0.82 (s, H-18), 0.78 (s, H-19). It further displayed two doble doublets at  3.25 (dd, J =10.5, 4.5 Hz, H-3), 3.32 (dd, J = 7.5, 4.5 Hz, H-24) each integrating for one proton is due to an oxymethine protons. A broad doublet for one proton at  5.26 is due to an olefinic proton. The 13C NMR spectrum of compound D showed the presence of 30 carbons. The DEPT experiment showed the presence of 8 methyls, 9 methylenes, 7 methines and 6 quaternary carbons. Furthermore, the sodiated molecular ion peak appeared at m/z 483.3827 [M++Na] in HRESI-MS. The 13C NMR, DEPT and HSQC experiments revealed the side chain C20-C27 to be having three methyls at  22.4 (C-21), 31.4 (C-26) and 26.6 (C-27 ). One methylene at  27.7 (C-23), two oxymethine carbons at  78.4 (C-3) and 78.1 (C-24) and two quaternary carbons at 72.5 (C-25) and 145.3 (C-20). All the carbon values are assigned based on DEPT and HSQC experiments. In the HMBC spectrum the olefinic methine at  5.26 showed strong correlation with C-21 carbon  (22.4), C-20 carbon at  145.3 and the C-24 carbon at  78.1. The oxymethine proton at  3.32 (dd, J = 7.5, 4.5 Hz, H-24) showed strong correlations with C-25 at  72.5, C-26 at  31.4 and C-27 at  26.6. Based on these correlations, the side chain at C-17 is deduced as shown in below. Based on these data, compound D is identified as a new dammarane triterpenoid named as Ailexcelol (dammar-20-ene-3b,24,25-triol).
All the isolated triterpenoids were tested for their antifungal activity and exhibited moderate levels of activity. New compound C was moderately active against Aspergillus niger and Rhizopus oryzae with an inhibition zone diameter of 12 mm at 100 µg/ml. New compound D also displayed a moderate degree of activity against Aspergillus niger and Candida albicans with an inhibition zone diameter of 10 and 11 mm, respectively. 
    


The second chapter also deals with the isolation and characterization of 13 compounds designated as A, B, C, D, E, F, G, H, I, J, K, L and M  from the DCM+MeOH (1:1) extract of the roots of D. indica. Compounds A, B, C, D, E, F, H, I and K are identified as Karanjin, Pongamol, Ovalitenone, Desmethoxykanugin, Pongachromene, Fisetin tetramethyl ether, Pinnatin, 7-O-methyl-5-hydroxy flavone and Pongapinone B.  
Compounds L and M are new furanoflavanoids named as 3′,4′-dihydroxy-4H-furo[2,3-h]chromen-4-one and 3,3′,4′-trihydroxy-4H-furo[2,3-h]chromen-4-one respectively.
                 Compound L was obtained as a pale yellow amorphous solid, mp 284○C. Its molecular formula deduced as C17H11O5 from its molecular ion peak at [M+-H] at m/z 295.0604 in the HRESI-MS. Its IR spectrum (Fig-6) showed absorption bands at 3393 cm-1 suggested the presence of hydroxyl group, a sharp band at 1694 cm-1 indicated the presence of α,β-unsaturated carbonyl group. The 300 MHz 1H NMR spectrum of compound L taken in DMSO-d6 (Fig-7) revealed the presence of a singlet at δ 6.72 integrating for one proton was attributed to an olefinic proton, which is adjacent to the carbonyl group. Two doublets at δ 6.92 (J = 8.4 Hz, H-5′), 7.45 (J = 2.4 Hz, H-2′) and a multiplet at δ 7.46 (H-6′) each integrating for one proton suggested the presence of 1,3,4-tri substituted aromatic ring. A doublet at δ 8.10 (J = 1.8 Hz) and a double doublet at δ 7.34 (J = 1.8 Hz) integrating for one proton each indicated the H-2″, H-3″ of the furan ring. Two doublets at δ 7.88 (J = 8.6 Hz, H-5), 7.59 (d, J = 8.6 Hz, H-6), each integrating for one proton indicated the presence of a 1,2,5,6-tetra substituted aromatic ring. Two signals at δ 9.62 and 9.98 showed no connectivity with any carbon nucleus in the HSQC plot, thus suggesting the presence of two aromatic hydroxyl groups. The explanation is further supported by the disappearance of two peaks at δ 9.62 and 9.98 in a heavy water exchange condition. 
The appearance of H-5 and H-6 protons as doublets strongly indicated that the annellation of furan ring to be at C-7/C-8 positions. The 13C NMR spectrum in DMSO-d6 of compound L exhibits the presence of 17 carbon atoms whose multiplicity is explained using DEPT 135 and HMBC correlations. DEPT 135 spectrum clearly shows there are eight methines and nine quaternary carbon atoms (including carbonyl). A signal at δ 177.2 indicated the presence of an α,β-unsaturated carbonyl group. A signal at 104.6 and 147.7 indicated the presence of a furan ring. The DEPT experiment revealed the presence of eight methines and nine quaternary carbons. The HMBC correlations of H-2″ with C-7 and C-8 indicated that the furan ring should be fused at C-7 (oxygenated) and C-8 of the aromatic ring. The structure of compound L was conformed as 3′,4′-dihydroxy-4H-furo[2,3-h]chromen-4-one.
Compound M was obtained as a pale yellow amorphous solid, mp 320 oC. Its molecular formula deduced as C17H9O6 from its molecular ion peak at [M+-H] at m/z 309.0395 in the HRESI-MS. It’s IR spectrum showed absorption band at 3283 cm-1 suggested the presence of hydroxyl group, a sharp band at 1692 cm-1 indicated the presence of carbonyl group. The 500 MHz 1H NMR spectrum of compound M taken in CDCl3 + DMSO-d6 revealed the presence of two doublets at δ 8.07 (J = 8.6 Hz, H-5) and 7.58 (J = 8.6 Hz, H-6) each integrating for one proton suggested the 1,2,3,4-tetrasubstituted aromatic ring. Two doublets at 7.96 (J = 2.0 Hz) and 7.32 (J = 2.0 Hz) each integrating for one proton indicated the H-2″, H-3″ of the furan ring. Two doublets at 6.95 (J = 8.4 Hz, H-5′), 7.87 (J = 2.1 Hz, H-2′) and double doublet at 7.70 (J = 2.1, 8.4 Hz, H-6′) each integrating for one proton indicated the presence of a 1,3,4-trisubstituted aromatic ring. Three signals at 8.85, 9.15 and 9.36 showed no connectivity with any carbon nucleus in the HSQC plot, thus suggesting the presence of three hydroxyl groups. This explanation is further supported by the disappearance of three peaks at 8.85, 9.15 and 9.36 in a heavy water exchange condition. The appearance of H-5 and H-6 protons as doublets strongly indicated that the annellation of furan ring to be at C-7/C-8 positions. 
               The 13C NMR spectrum in DMSO-d6 of compound M exhibits the presence of 17 carbon atoms whose multiplicity is explained using DEPT 135 and HMBC correlations. DEPT 135 spectrum clearly shows there are seven methines and ten quaternary carbon atoms (including carbonyl). A signal at δ 171.3 indicated the presence of a carbonyl group. A signal at δ 102.8 and δ 144.7 indicated the presence of a furan ring. The DEPT experiment revealed the presence of seven methines and ten quaternary carbons. The HMBC correlations of H-2″ with C-7 and C-8 indicated that the furan ring should be fused at C-7 (oxygenated) and C-8 of the aromatic ring. Based on these data the structure of compound M was identified as 3,3′,4′-trihydroxy-4H-furo[2,3-h]chromen-4-one. Further, these compounds (L & M) were also confirmed by the synthetic approach.
	       Resacetophenone was treated with bromoacetaldehyde diethyl acetal in the presence of potassium carbonate in anhydrous DMF to give compound 2 (O-alkylated resacetophenone), which on treatment with acidic Amberlyst-15 in toluene at 90 ○C yielded 4-hydroxy-5-Acetyl coumarone (3) and 6-hydroxy-5-Acetyl coumarone (4). Compound  4-hydroxy-5-Acetyl coumarone (3) was condensed with benzyl protected aldehyde 5 in the presence of KOH (60%) in anhydrous ethanol to give furanochalcone 6 which was cyclized  followed by debenzylated using I2 in trigol at 120 ○C to afford 3′,4′-dihydroxy-4H-furo[2,3-h]chromen-4-one (L).
Chalcone (6) was converted to the flavanol using Algar-Flynn-Oyamada reaction by treatment of hydrogen peroxide in the presence of KOH in Ethanol for 24 hours to afford benzylated flavanoid 7 with the yield of 65%. Debenzylation is carried out using TiCl4 in dry DCM at -10 ○C for 15 mints to afford Compound 3′,4′-trihydroxy-4H-furo[2,3-h]chromen-4-one (M).
All the isolated compounds displayed moderate intestinal α-glucosidase inhibition and DPPH scavenging activity. Pongamol and Karanjin identified as potent α-glucosidase inhibitors. Compounds L and M displayed moderate α-glucosidase inhibition and potent DPPH scavenging activity. This is the first report identifying presence of intestinal α-glucosidase inhibitory and DPPH scavenging activity from D. indica.
The third chapter deals with the synthesis and biological evaluation of furanochalcone derivatives. In the course of our efforts in identifying antihyperglycemics from traditional Indian medicinal plants, we isolated two new intestinal α-glucosidase inhibitor furanoflavonoids (L & M) (described in the Chapter-II) from antihyperglycemic extract of Derris indica Lam (Leguminosae). In the process of reconfirmation of the structures of two new furanoflavonoids (L & M) through synthetic approach, we observed that furanochalcone, the intermediate in synthetic route displayed better intestinal α-glucosidase inhibitory activity than the two new furanoflavanoids (L & M). This observation led us synthesize several new furanochalcones.

Claisen-Schmidt condensation of acetophenone derivatives (1 & 5) (described in the chapter-II and also in the experimental section) with various substituted benzaldehydes (2a–2g) & (6a–6g) in the presence of aqueous KOH in anhydrous ethanol to give angular and linear furanochalcones (3a–3g) & (7a–7g) respectively. Compounds 3a, 3b and 3c are previously reported from natural origin. Amongst angular and linear furanochalcones some benzyl protected chalcones (3e–3g) & (7e–7g) were further debenzylated using TiCl4 in dry DCM for 15 minutes under N2 atmosphere to afford angular and linear hydroxy furanochalcones (4a–4c) & (8a–8c) respectively.
Furanochalcone derivatives were synthesized and screened for intestinal α-glucosidase inhibitory and free-radical (DPPH) scavenging activity. All the compounds showed very good α-glucosidase enzyme inhibitory and DPPH free-radical scavenging activities. Among the all compounds 3c showed potent α-glucosidase inhibitory activity. This is the first report assigining α-glucosidase inhibitory, DPPH free radical scavenging and antihyperglycemic activity to furanochalcones.          
The fourth chapter deals with the synthesis and cytotoxic activity evaluation of pongamol derivatives. Pongamol is the lead compound from the hexane extract of roots of Derris indica. It has shown significant α-glucosidase inhibitory and cytotoxic activity. To enhance the activity (Cytotoxic activity) of pongamol, we have modified keto-enol pharmacophore in pongamol and prepared different oxazole and pyrazole analogues (2-4j). 
All the compounds were tested for the cytotoxic activity against human cancer cell lines Neuroblastoma (IMR-32), T-lymphocytes (Jurkat) and cervical cancer cells (HeLa). Among the all compounds 2, 4b & 4c were showed good cytotoxic activity. 
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